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A COMPARISON OF FOUR RADIOGRAPHIC SCORING METHODS
FOR KNEE OSTEOARTHRITIS – SHORT AND MEDIUM TERM
REPRODUCIBILITY
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N.K. Arden1,3. 1NIHR Musculoskeletal BRU, Univ. of Oxford, Oxford, United
Kingdom; 2Dept. of Twin Res. and Genetic Epidemiology, King’s Coll.
London, London, United Kingdom; 3MRC Epidemiology Resource Ctr., Univ.
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Purpose: Severity of radiographic knee osteoarthritis is currently
evaluated using a variety of methods. The comparable short and medium
term reproducibility of many of these methods has not been evaluated
within a single cohort. This study aims to provide a comparison
of reproducibility between four commonly used radiographic scoring
methods.
Methods: We used 25 digitized plain-ﬁlm and 25 digital AP fully-
extended weight-bearing knee radiographs from the Chingford cohort
with a range of K&L grades, subject age, and BMI. Four scoring methods
were used to grade all radiographs: Kellgren and Lawrence (K&L); OARSI
Atlas; Line Drawing Atlas; and the Chingford Study Atlas. Radiographic
features (osteophytes, joint space, etc.) were evaluated individually
as speciﬁed by each method in each tibio-femoral compartment.
For training, a single grader (KL) read 10 radiographs twice, with
discrepancies and grading issues addressed by a panel of more
experienced graders. All 50 blinded radiographs were then read three
times after an interval of one and 10 days. Linear weighted kappas with
standard errors were calculated for all scoring methods in order to assess
short-term and medium-term reproducibility.
Results: The tables gives weighted kappas for the short and medium-
term reproducibility for all four scoring methods. Most features had good
short-term reproducibility, with the majority having kappas above 0.7.
Most osteophyte and joint space narrowing (JSN) grades had very high
kappas except for medial femoral osteophytes in both the OARSI and
Line Drawing atlases. The Chingford atlas did not have a comparable
category as osteophytes are grouped by compartment only. The features
with the lowest kappas included those with binary categories such as
sclerosis and tibial spiking. Readings after 10 days showed a similar level
of reproducibility with kappas ranging from 0.49 to 0.89.
Table 1. Short and medium term reproducibility – K&L and OARSI
Method Individual features Reproducibility (Kappa and standard error)
Short term Medium term
K&L Whole Knee 0.84 (0.09) 0.79 (0.09)
Medial compartment 0.79 (0.09) 0.72 (0.09)
Lateral compartment 0.71 (0.10) 0.61 (0.09)
OARSI Medial femoral osteophyte 0.56 (0.10) 0.66 (0.10)
Lateral femoral osteophyte 0.84 (0.11) 0.89 (0.11)
Medial tibial osteophyte 0.77 (0.11) 0.65 (0.11)
Lateral tibial osteophyte 0.74 (0.11) 0.72 (0.10)
Medial JSN 0.79 (0.11) 0.63 (0.10)
Lateral JSN 0.95 (0.11) 0.86 (0.11)
Medial sclerosis 0.50 (0.13) 0.53 (0.13)
Lateral sclerosis 0.69 (0.14) 0.62 (0.14)
Table 2. Short and medium term reproducibility – Line Drawing and
Chingford
Method Individual features Reproducibility (Kappa and standard error)
Short term Medium term
Line Drawing Medial femoral osteophyte 0.55 (0.10) 0.71 (0.11)
Lateral femoral osteophyte 0.84 (0.11) 0.79 (0.11)
Medial tibial osteophyte 0.79 (0.10) 0.70 (0.10)
Lateral tibial osteophyte 0.78 (0.10) 0.75 (0.10)
Medial JSN 0.73 (0.08) 0.76 (0.08)
Lateral JSN 0.67 (0.08) 0.76 (0.08)
Chingford Medial tibiofemoral osteophyte 0.79 (0.10) 0.66 (0.11)
Lateral tibiofemoral osteophyte 0.81 (0.10) 0.72 (0.10)
Medial JSN 0.88 (0.11) 0.78 (0.11)
Lateral JSN 0.95 (0.11) 0.86 (0.11)
Tibial spine spiking 0.43 (0.13) 0.50 (0.13)
Medial sclerosis 0.50 (0.13) 0.53 (0.13)
Lateral sclerosis 0.56 (0.14) 0.49 (0.14)
Conclusions: All four scoring methods generally show high levels of
both short-term and medium-term reproducibility. Scoring methods that
group more than one compartment (such as K&L) or more than one
bone (such as the Chingford atlas) into a single grade were expected
to show higher levels of reproducibility, however all methods in this
study show similar levels of reproducibility. These results demonstrate
that using methods which break down scores into individual features
and compartments (OARSI, Chingford and Line Drawing) and have larger
scales (Line Drawing) does not necessarily reduce the reliability of the
measurements.
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Purpose: It is very important to visualize the articular cartilage in
diagnosing OA (osteoarthritis). In general, the cartilage evaluation is
performed by signal intensity, signal contrast and T2 values based
on a single echo MR images or the multi-echo MR images. However,
the cartilage segmentation results only based on T2 value may not
be suitable for diagnosis of OA (Fig.1 (a)). This paper proposes a new
cartilage segmentation method using spectral feature matching in the
multi-echo MR Images for early diagnosis of OA. The VTK (Visualization
ToolKit) based 3D visualization tool developed for displaying the detected
cartilage volume.
Methods: In our study using the multi-echo MR images, the different
tissues show different multi-echo patterns called as spectral features.
The spectral features include more information than the single-echo MR
image because they accumulate information over echo time. This paper
develops a new spectral feature matching algorithm, Normalized Spectral
Angle Mapper (NSAM) for segmenting the tissues in the multi-echo
MR images. In the hyperspectral imaging ﬁeld, the Euclidean distance
(ED) and Spectral angle mapper (SAM) method are proposed. However,
the ED method just considers the magnitude of vector and the SAM
consider the angle between two vectors only. In this study, the proposed
NSAM method considers the similarity of the angle and the magnitude
simultaneously. The bone areas segmented by active contour model
(ACM) based semi-automatically method, and then create the 2D bone
cartilage interface (BCI) using 3D gradient information. Finally, combine
the NSAM and BCI to get the cartilage information.
Results: Our new experimental method demonstrates that the contour
of articular cartilage and the boundary between articular cartilage
and meniscus more effectively (Fig. 1). 3D volume images (Fig. 2)
are reconstructed 3D images from the multi-echo pattern based
segmentation algorithm. Fig. 2 shows the VTK based 3D visualization tool
for displaying the detected cartilage information. The 3D visualization
tool can shows both 3D morphologic information and T2 values of
articular cartilage at the same time, which could be used for the early
diagnosis of OA.
Conclusions: The proposed cartilage segmentation method is based
on the NSAM and 2D BCI. Therefore, the cartilage can be segmented
efﬁciently because the multi-echo patterns include the much information
and the 2D BCI give additional location information. Nevertheless, the
segmented cartilage still contains the misclassiﬁcation because the noises
like the arrow in the Fig. 2. Future studies will consider the noise
removing method for accuracy segmentation method.
Fig. 1. Comparison between (a) T2 value based and (b) multi-echo based
segmentation.
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Fig. 2. 3D cartilage information that segmented by NSAM and 2D BCI.
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Purpose: There is large interest in using quantitative magnetic resonance
imaging (qMRI) to identify degenerative changes of osteoarthritis (OA)
in cartilage. The objective of this study was to use qMRI to identify a
series of image metrics on knee MRI that can be used to identify early
detection and progression of OA in asymptomatic individuals. In normal
cartilage, there is a spatial distribution of cartilage MRI T2 values that is
strongly inﬂuenced by the highly anisotropic organization of the collagen
matrix and regional variation in cartilage water content. We hypothesize
that loss of the normal spatial distribution of cartilage MRI T2 values,
as quantiﬁed by texture features, will identify distinctive signatures of
OA prior to symptomatic or radiographic evidence of OA. This change
in T2 signal homogeneity could be used to predict the development of
symptomatic disease progression.
Methods: The Osteoarthritis Initiative (OAI) was used to select control
and rapid OA progression populations of knee cartilage T2 maps. The
control population from the OAI was used for collecting asymptomatic,
healthy individuals (n = 89). The incidence cohort was used to identify
a rapid progression population of OA deﬁned as asymptomatic with
no radiographic changes at the initial time point (WOMAC< 3; KL < 2)
that had a large increase in WOMAC score (greater than 10) at the
three year time point (n = 120). DESS sequences were used for semi-
automated segmentation using an edge based algorithm. Multi-modality
registration between DESS and T2 sequences was completed using the
Mattes mutual information metric to apply the segmented DESS cartilage
mask to the T2 mapped sequences. Approximately 800 image features
were extracted from each image to develop a texture based metric.
The support vector machine method was used to design a classiﬁcation
model to discriminate image features associated with the control and
rapid OA progression populations based only on the baseline MRI.
Repeated random 50–50 splits of the cohorts were used to divide the
overall populations into independent selected training and test data sets.
Margin based feature elimination was used to eliminate redundant and
uninformative features.
Results: Image features that quantify signal homogeneity can be used
to identify T2 mapped sequences that will have rapid symptomatic
progression of OA. Using the entire image feature set, the average
accuracy of our texture metric at predicting rapid progression of OA
was measured at 79±4% with a sensitivity of 82±6% and a speciﬁcity
of 76±7%. In these experiments, only 20 of the original approximately
800 features are essential. When this small subpopulation of features
was used, our model had a similar accuracy of 75±6% with a sensitivity
of 79±7% and a speciﬁcity of 69±7%. A large majority of the errors in
classiﬁcation occurred with texture metric values in close proximity to
the decision boundary. Accordingly, these image features used to quantify
signal homogeneity through a texture metric can be considered “image
biomarkers”. These features included run length, co-occurrence matrix,
entropy, and local energy measures. Surprisingly, for most individuals,
the image features that predicted symptomatic progression are primarily
located in one of the three knee compartments. When the knee is
separated into the patella, medial, and lateral compartments, in more
than 80% of knees, the texture metric that identiﬁed a knee with early
signs of OA were primarily located in only one of these compartments.
Conclusion: Structural changes in knee cartilage of asymptomatic
individuals with no radiographic signs of OA measured by quantifying
signal homogeneity on T2 maps predict the later progression of clinical
OA symptoms. For most individuals, this loss of signal heterogeneity
primarily occurs in only one of the three main knee compartments
suggesting that on an individual basis one of the compartments play a
dominant role in predicting OA progression.
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Purpose: Accurate evaluation of severity or stage of disease is
essential for estimating the prognosis and efﬁcacy of treatments. For
this purpose, several MRI-based semi-quantitative scoring systems for
knee osteoarthritis (KOA) have been developed. Among them, Whole-
Organ Magnetic Resonance Imaging Score (WORMS) is a representative
procedure and has been reported to be useful for KOA evaluation, but it
is too complicated and time-consuming for practical use.
We developed a clinically practical MRI-based simpliﬁed scoring system
for medial type OA of the knee (SMOAK). In this study we analyzed the
association between SMOAK and several parameters in the purpose to
assess the ability of SMOAK to predict progression of KOA.
Methods: MR images of 30 knees with medial type KOA were analyzed
using the new scoring method (SMOAK) which incorporated only
3 features of KOA: bone marrow lesions (BMLs), subchondral bone
irregularity, and the medial meniscus. Each feature was scored from 0 to
6 according to extent and severity. The total score was 18 at the worst.
All knees were also evaluated by the Kellgren-Lawrence (KL) grades,
and WORMS. Association among KL, SMOAK and WORMS was assessed.
Knee symptom, cartilage volume, and joint space width at baseline and
12 and/or 24 months follow up were analyzed as well. Data for these
analyses are from the Osteoarthritis Initiative (OAI) public use data set
of progression cohort. Association among each parameter and SMOAK
was expressed as Spearman’s Rho.
Results: The inter-observer agreement (ICC) of SMOAK between three
readers was 0.88, while the intra-observer reliability (ICC) was 0.89.
The readers took approximately two minutes to score each knee using
SMOAK.
The mean SMOAK was 3.0±1.7, 6.3±2.3, 8.3±2.8, and 12 for KL I, II, III, and
IV, respectively. The SMOAK had good correlation with WORMS (r = 0.64,
p < 0.001), and had greater correlation with the medial compartment
scores of WORMS (r = 0.74, p < 0.001).
There was no association between SMOAK and the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC), or the cartilage
volume assessed by MRI in cross-section analysis. However, there was
moderate association between SMOAK at baseline and WOMAC knee
pain score at 24 months follow-up (r = 0.48, p = 0.018). Association
between change in SMOAK and cartilage volume from baseline to
12 months follow-up was also observed (r = 0.51, p = 0.008). Change in
joint space width determined by X-ray examination from baseline to 12
or 24 months follow-up associated with SMOAK at baseline (r = 0.56 and
0.54, p = 0.006 and 0.008, respectively).
Conclusions: The SMOAK provides KOA evaluation as reliable as WORMS,
with less complexity. It seems difﬁcult to determine the severity of
osteoarthritis of the knee by SMOAK as a cross-section evaluation, but it
may have the potential to predict future progression of the disease.
